The fine structure branching ratio of chlorine atoms produced in the photodissociation and predissociation of HCl was measured for excitation energies between 51 800 and 83 800 cm
The relative populations of the fine-structure states of fragment atoms provide valuable information for understanding the nonadiabatic processes involved in the dissociation of electronically excited molecules. The two main factors which determine the product branching ratio are the structure of the excited state wave function in the Franck-Condon region where dissociation is initiated, and the couplings between potential energy surfaces at large distances where the separation between molecular states is comparable to the fragment spin-orbit splitting. A key dynamical parameter is the ratio of the recoil time to the spin-orbit precession period,
where R is the width of the recoupling region, ⌬E SO is the spin-orbit splitting, and v is the recoil velocity. 1 If this adiabaticity parameter is large, we expect the fragment atomic spin-orbit states to correlate adiabatically with the molecular states populated by the excitation pulse, while if it is small a statistical ͑or more correctly, a diabatic͒ distribution is anticipated.
Because of the relative simplicity of its electronic structure, HCl is an ideal case for comparing theory and experiment. Potential energy curves for all the low-lying excited states of HCl are shown in Fig. 1 . These values may be compared with the statistical limit of ⌫ϭ1/3, which is defined as the ratio of the degeneracy of Cl͑ 2 P 1/2 ͒ to the sum of the degeneracies of both fine structure states.
Recently Alexander et al. ͑APD͒ 9 reported a calculation using more accurate potential energy functions and including rotational coupling between all of the states. Although they found that rotational coupling has a negligible effect on ⌫, their branching ratios were nevertheless considerably larger than those of GB. Moreover, they found that ⌫ decreases over the experimental range of energies, approaching the statistical limit from above. Experimental measurements at 51 800 cm Ϫ1 ͑193 nm͒ reported by several groups 6,10,11 gave a statistical product ratio, which lies between the predictions of the two calculations, while measurements by Tonokura et al. 6 at 63 700 cm Ϫ1 ͑157 nm͒ gave a value of ⌫ϭ0.47Ϯ0.04, which is larger than the predictions of both calculations. In view of the discrepancies among the previous studies, and particularly because of the experimental evidence that at high energy ⌫ exceeds the statistical limit, it is desirable to extend the energy range of the measurements. In particular, we would like to know if, as naively expected, ⌫ eventually reaches the diabatic limit at higher energy.
Previous measurements of ⌫ were limited to wavelengths of 193 and 157 nm, which are readily generated with excimer lasers. In order to extend the energy range of ⌫, we performed two types of experiments. First, we studied the direct photodissociation of HCl between 60 000 and 69 500 cm
Ϫ1
, using three photons to excite the A 1 ⌸ state. Second, we studied the predissociation of HCl between 77 500 and 83 800 cm Ϫ1 , using two photons to excite discrete rotational levels of various Rydberg states and the V 1 ⌺ ϩ (vЈϭ10) valence state. The second set of measurements allowed us also to study the effect of rotational angular momentum on the Cl fine-structure branching ratio.
These experiments were performed using a pump-andprobe apparatus, which has been described previously. 12 Briefly, a tunable excimer-pumped dye laser was used to excite HCl, while a second tunable dye laser was used to probe the neutral Cl fragment by means of resonance-enhanced multiple photon ionization ͑REMPI͒, using the 4p 2 D 3/2 ←3p 2 P 3/2 transition for Cl͑ 2 P 3/2 ͒ and 4 p 2 P 1/2 ←3p 2 P 1/2 for Cl͑ 2 P 1/2 ͒. 13 Details specific to this experiment will be provided in a future publication.
The results of the first experiment are shown in Fig. 2 . These data display the high-energy behavior predicted by APD, converging from above to the statistical limit. For RϷ1.5 bohr ͑see Fig. 6 of Ref. 9͒, lies in the range of 0.5-0.7, which is consistent with diabatic behavior. The discrepancy between theory and experiment at 51 800 cm Ϫ1 remains unexplained.
All of the measurements in Fig. 2 were scaled to the measured value of ⌫ϭ1/3 at 51 800 cm Ϫ1 . 14 This calibration is especially reliable since two of the previous measurements 10, 11 at this energy were sensitive to deviations from a nonstatistical atomic fine-structure ratio, and none was detected. Another point to be considered is our use of three photons to excite HCl. The rotational selection rule for a ⌸←⌺ transition is ⌬Jϭ0, Ϯ1 for one photon and 0, Ϯ1, Ϯ2, Ϯ3, for three photons. The larger range of J accessible with three photons is unlikely to have a measurable effect on ⌫ because the rotational line strengths for ͉⌬J͉ϭ2 and 3 are 
an order of magnitude smaller than those for ͉⌬J͉ϭ1.
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Moreover, APD showed that rotational coupling should have a negligible effect on ⌫, and any such effect would be even further diminished by thermal averaging at 300 K. Another possible consequence of using three photons is excitation to the a 3 ⌸ state. For a single-photon transition, APD showed that the a 3 ⌸ state carries Ͻ0.5% of the oscillator strength. While it is conceivable that the rate of the spin-forbidden transition to this state may be greater for three photons, it is unlikely that this is a large effect since there are no nearby states that could lend oscillator strength in a perturbation expansion of the transition matrix element. 16 The branching ratios for predissociation at high energy are shown in Fig. 3 . From the data in Fig. 2 we anticipated that ⌫ would be diabatic at still higher energy ͑where р0.4͒. The only continuum state that intersects the bound states that we studied is t 3 ⌺ ϩ . Although this state correlates with Cl͑ 2 P 1/2 ͒, the shorter recoil time at high energy is expected to produce a statistical population. In light of this reasoning, the data shown in Fig. 3 are very surprising. Depending on the choice of the initially excited gateway ͑i.e., predissociating͒ state, nearly every type of behavior imaginable was observed.
The branching ratios plotted in Fig. 3 fall into three phenomenological cases: ͑i͒ The d 3 ⌸ 0 , d 3 ⌸ 1 , and f 3 ⌬ 2 states exhibit statistical branching ratios, which appear to be a continuation of the A 1 ⌸ data shown in Fig. 2 . Fig. 3 are also perturbed by these continua. The important point is that in each case predissociation occurs after absorption of two photons, at the energies shown in Fig. 3 . A series of experiments was performed to rule out possible three-and four-photon mechanisms. Those experiments, which include measurement of the Cl recoil speed by velocity-aligned Doppler spectroscopy and intensity measurements of parent and fragment REMPI peaks, will be reported in detail in a future publication. In every case, two-photon excitation was found to be the dominant mechanism.
It is generally agreed that for small the fragment spinorbit branching ratio depends on the coupling of closely lying potential energy curves at large distances. This mechanism is clearly demonstrated in the flux calculations of APD. 18 What has not been established is the influence of the Franck-Condon region on the final-state distribution. An overly simple view of photodissociation would suggest that the dynamics at short distances ͑i.e., in the Franck-Condon region͒ has less of an effect on ⌫ than at large distances, apart from determining the asymptotic recoil energy. From such a naive perspective, predissociated Rydberg states should produce Cl atoms with the diabatic fine-structure populations characteristic of the predissociating continuum state.
That this picture is too simple is already evident in the calculations of APD, who found different high-energy behavior for HCl vs DCl excited to the same continuum state.
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Our present results demonstrate the failure of this model even more dramatically, where different gateway states produce radically different dependencies of ⌫ on energy and rotational angular momentum.
We cannot presently rationalize many of the details of Fig. 3 . Why, for example, does f 3 ⌬ 1 belong to case ͑ii͒ while f 3 ⌬ 2 belongs to case ͑i͒? Also we do not know the cause of the J-dependence of the F 1 ⌬ state. On a less detailed level, however, some patterns may be recognized, using the adiabatic picture. The unique behavior of the g 3 ⌺ 0 Ϫ state, for which ⌫ varies inversely with J, can be explained by its parity. Since this state has ͑e͒ parity, the only continuum state with which it interacts at Jϭ0 is a 3 ⌸ 0ϩ , which correlates adiabatically with Cl͑ 2 P 1/2 ͒. produced. The high Cl͑ 2 P 1/2 ͒ population for the other two states in group ͑iii͒ is understandable because they are both mixed with g 3 ⌺ 0 Ϫ for JϾ0. In conclusion, we have demonstrated that both adiabatic and diabatic mechanisms are important in determining the fine-structure population of photofragments. For direct photodissociation we found that the diabatic picture predicts the branching ratio. For predissociation of bound states, both perturbations in the Franck-Condon region and adiabatic correlation play a role. By selecting the initially excited ''gateway'' state, it is possible to control passively the outcome of a photoinduced dissociation reaction.
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